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Abstract 
After Wenchuan earthquake, there occurred a lot of post-disaster temporary settlements with high building density, which was 
the first case in our country or in the world. Over 200 victims in Dujiangyan were randomly investigated with questionnaire after 
they had left temporary settlement areas and had been settled in their permanent houses. It showed that the abominable summer 
indoor thermal environment was what most interviewees could not bear most, and that the tolerance for the indoor thermal 
environment related to some objective conditions of subjects’ temporary buildings. Based on the analysis of this relationship, 
some flaws of architecture and planning design were discovered. Furthermore, in order to improve the summer thermal 
environment of post-disaster temporary settlement, some strategies were proposed in this paper. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
In 2008, after Wenchuan earthquake the temporary buildings were in urgent need to shelter millions of survivors. 
But almost the hardest-hit areas were characterized by that slope lands were much more than flat lands, the 
construction land was very scanty. So the distance be-tween buildings was minimized as much as possible, the land 
hardening rate was quite high and the greening rate was quite low, as shown in Fig.1. Then a large amount of post-
disaster temporary settlements with high building density were appeared in the earthquake. There were great 
differences between the temporary settlement and the permanent residence in building design and layout planning. In 
point of building design, the temporary buildings were made of the EPS light-weight sandwich panels, whose 
coefficients of thermal inertia and heat storage were much lower than that of the conventional permanent building. 
More heat was accumulated in the temporary building, of which the summer indoor thermal comfort was worse than 
that of the performance building. As far as the layout planning was concerned, the building density of the temporary 
settlement was much higher than that of the conventional permanent building. The air flow was hindered seriously 
inside temporary settlement and the heat accumulated inside building was hard to be brought away, which 
deteriorated the summer indoor thermal environment (Huang 2011). 
To measure the residence’s tolerance of the abominable summer indoor thermal environment and to understand 
the relationship between this tolerance and the building and planning de-sign, questionnaire investigation by random 
sampling had been made after the reconstruction had been completed. This paper analyzed the deficiency of the 
temporary settlement’s building and planning design, and some improvements were proposed to improve the bad 
summer thermal environment of the temporary settlement with high building density. 
2. Outline of the investigation 
The investigating period was from 24 June 2011 to 28 June 2011. The interviewees had all been settled in the 
permanent settlements. Then they would answer the questions more objectively. 
The investigation was made in Dujiangyan, which was one of the hardest-hit areas and had 197 temporary 
settlements in total, and where nearly 200 thousands survivors were settled temporarily. Limited by the scanty 
construction land, a lot of typical temporary settlements with high building density appeared in Dujiangyan.  
Total 204 survivors were investigated. They were the residences of the permanence settlements named 
Huiminyaju and Xingyanyiyuan. Three of them had not been in the temporary settlement for more than 7 moths and 
did not spend the whole summer there. Another 3 of them did not answer the question according to the requirement. 
This paper focused on the rest 198 respondents, they had lived in different 26 temporary settlements before, 96% of 
them had been in temporary settlement for over one year and would deeply recognized the problem of the living 
environment in temporary settlement. The ratio of men to women was 75.2:100 in these 198 respondents. And 72 
percent of them were over 30. 
 
 
Fig. 1. Happy Homeland temporary settlement in Dujiangyan. 
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3. Questionnaire design 
The questionnaire included three parts. The first part collected the individual information of respondents, such as 
sex, age and dwelling span. The other two parts were multiple choice questions.  
The intent of the second part was to investigate the problem of the living environment that never be tolerated. 8 
options were set including the problems of thermal environment, water-proofing and neighbor interference. They 
were as follows: (A) temperature inside was higher than that outside in summer, (B) temperature inside was colder 
than that outside in winter, (C) poor roof waterproofing, (D) poor wall waterproofing, (E) poor soundproofing, (F) 
rain water on the floor flowing into the room, (G) poor daylighting, (H) anything else. The interviewees were asked 
to select up to 3 options that were the first three main problems disturbed their lives and to arrange them in order. 
The option ranked first was the problem that never be tolerated. 
The third part was to investigate the building and planning design of the temporary settlements, including the 
design of window, the positions of the room and the house. 
Combining the results of the second and the third parts, the relationship between the building and planning design 
and the residence’s tolerance of the abominable summer indoor thermal environment would be found. 
4. Relationship between the design and the tolerance 
As far as the 198 valid questionnaires were concerned, in the second part of the questionnaire, 126 respondents 
selected 3 problems, another 45 respondents selected 2 problems and 27 others selected only 1 problem. In other 
words, there were 198 respondents answered the question which was the problem never be tolerated. So this paper 
only focused on the problem ranked first, involving 198 questionnaires. The data were analyzed by the software 
SPSS statistically. The frequency of each option was shown in Table1. It could be seen from Table 1 that the 
frequency of option “A” was 100, which was larger than that of any others. Therefore the abominable summer 
indoor thermal environment was the problem that never be tolerated. Next this paper would focus on these 100 
questionnaires during analyzed the data of the third part. The options’ frequency in the 100 and 198 questionnaires 
would be counted respectively. Then the ratio of them would be calculated in order to analyze the relationship 
between the building and planning design and the residence’s tolerance of the abominable summer indoor thermal 
environment. 
     Table 1. Frequency of each option in the second part of the questionnaire. 
Option A B C D E F G H 
Frequency 100 2 27 9 34 42 0 0 
Because there were 2 or over 2 options tied for the first place, the sum of the frequency of the 8 options was greater than 198. 
4.1. Relationship between the window design and the tolerance 
The third part of the questionnaire set 2 options to investigate the window design. They were as follows: (1) 
windows opened in two-side walls, (2) windows opened in single-side wall. By statistical analysis, among the 100 
rooms that were surveyed, there were 90 rooms had windows in two-side walls, which were 50% of those in the 198 
rooms, and there were 10 rooms had windows in single-side wall, which were 55.6% of those in the 198 rooms. That 
was to say, there were 50% interviewees who lived in houses had windows in two-side walls and 55.6% 
interviewees who lived in houses had window in one-side wall considered the abominable summer indoor thermal 
environment was the problem that never be tolerated.  
This result showed that the interviewees, who lived in house had windows in two-side walls, had higher tolerance 
for the summer indoor thermal environment than those who lived in house had window in one-side wall. The 
window design and the tolerance for indoor thermal environment had correlation, even the dense temporary houses 
had grievously impeded the air flow and the indoor natural ventilation was very bad. 
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4.2. Relationship between the room’s position and the tolerance 
The third part of the questionnaire also set 2 options to investigate the rooms’ positions. They were as follows: (1) 
room at the end of the house, (2) room not at the end of the house. By statistical analysis, among the 100 rooms that 
were surveyed, rooms at the end of the houses were 28, which were 52.8% of those in the 198 rooms, and rooms not 
at the end of the houses were 72, which were 49.7% of those in the 198 rooms. That was to say, there were 52.8% 
interviewees who lived at the end of the  houses and 49.7% interviewees who did not live at the end of the houses 
considered the abominable summer indoor thermal environment was the problem that never be tolerated.  
This result revealed that the interviewees, who did not live at the end of the houses, had higher tolerance for the 
summer indoor thermal environment than those who lived at the end of the houses. The rooms’ positions and the 
tolerance for indoor thermal environment had correlation. 
4.3. Relationship between the house’s position and the tolerance 
The third part of the questionnaire set 3 options to investigate the houses’ positions. They were as follows: (1) 
house on the edge of the settlement, (2) house near the edge of the settlement, (3) house near the center of the 
settlement. By statistical analysis, among the 100 rooms that were surveyed, rooms in the houses on the edge of the 
settlement were 27, which were 60% of those in the 198 rooms, rooms in the houses near the edge of the settlement 
were 28, which were 47.5% of those in the 198 rooms, and rooms in the houses near the center of the settlement 
were 45, which were 47.9% of those in the 198 rooms. That was to say, there were 60% interviewees who lived on 
the edge of the settlement, 47.5% interviewees who lived near the edge of the settlement and 47.9% interviewees 
who lived near the center of the settlement considered the abominable summer indoor thermal environment was the 
problem that never be tolerated.  
This result showed that the houses’ positions and the tolerance for indoor thermal environment had correlation. 
Although less of the disturbance was created by the dense house to the natural ventilation of the houses on the edge 
of the settlement than to the natural ventilation of other houses, the investigation result suggested the indoor thermal 
environment of the house on the edge of the settlement was worse than that of the other houses. This result seemed 
to be perverse, but it was this that reflected the problem of the temporary settlement’s construction: in order to keep 
the city in an orderly and beautiful manner, the enclosing wall of the settlement was solid. Its wind shadow had bad 
influence on the air convection in the house on the edge of the settlement, inside and outside which the wind 
velocity was obviously decelerated, resulting its indoor thermal comfort was worse than others’. Therefore, it was 
very important to deal with the relationship between the house on the edge of settlement and the enclosing wall, and 
it could not lay stress more on privacy or beauty and less on thermal and ventilation environment. 
5. Building and planning design improved strategy 
As could be seen from the foregoing, the tolerance for summer indoor thermal environment had correlation with 
the window design and the position of the room and house. Additionally, some special or easily be ignored problems 
in the construction of temporary settlement with high building density were revealed as followed, which would have 
important enlightenment to building and planning design. 
5.1. Open windows in several walls 
Compared with the window open in one-side wall, the windows opened in two-side walls would air the room 
better, then the more heat accumulated in house would be carried away, and the indoor thermal environment would 
be improved better.  
Therefore, as far as the temporary settlement with high building density was concerned, to try open windows in 
several walls was necessary for building design. If not, the windows should be opened in different heights to use the 
heat pressure to enhance natural ventilation. 
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5.2. Insulate the gable 
In the settlement with high building density, because the air convention was not good universally, there was little 
difference of the natural ventilation among rooms whose positions were different. But the room’s position would be 
the key to the room’s solar heat gain: the room at the end of the house, whose external surface area was larger than 
other rooms, would had more solar heat gain than others, especially when the house’s gable did not face the north 
direction. Therefore, the indoor thermal environment of the room at the end of the house was worse than others, and 
it was important to insulate the gable, especially when the gable did not face the north direction.  
Some specific adoptable measures were as follows: (1) painting the exterior walls into white or with heat 
reflecting films, to decrease the solar radiation absorption coefficient, (2) increasing the heat resistance of the gable, 
to increase the wall’s index of thermal inertia and attenuation multiple, (3) adding material with high thermal 
capacity, to increase the thermal capacity of the wall. While this required prudence, for the material with higher 
thermal capacity always had higher density and would increase the weight of the structure. This would unsuitable 
for transportation and assembling. 
5.3. Reserve land for vertical greening 
It was well known that the green could reduce the environment temperature. So it was a good way to reserve a 
little land for green around the house, especially beside the gable. The residents had the right and duty for planting 
trees, such as fast-growing-tree, vine and so on. Summer, these trees would shelter against the sun, decrease the 
effect of the solar radiation on the indoor thermal environment, then improve the indoor thermal environment of the 
room at the end of the house. 
5.4. Reconfiguration of the building 
After disaster, the temporary houses would often be required as much as possible, and the construction land 
would often be used intensively. As a result, the temporary houses were of-ten built along the land’s boundary line, 
without a distance off this line. However these temporary houses were only single story and the window ledges were 
so low. So the interference from outside the land would not be ignored. Therefore the solid enclosing wall was 
adopted in most settlement, in order to decrease the interference and to beauty the city. But the influence of the solid 
enclosing wall on the settlement’s wind field was ignored.  
Previous studies showed that in the downwind of the house, the wind velocity would be obviously decreased 
within the horizontal distance off the house by 1.2 times of the height of building (Guo 2009). Therefore, the 
temporary houses on the edge of the settlement should be reconfigured. The distance between the building and the 
solid enclosing wall should try to be larger than 1.2 times of the height of the wall. Or the enclosing wall should try 
to be frame-work and isolate the house from outside disturbance by fast-growing green. 
6. Conclusion 
The abominable summer indoor thermal environment was the problem that never be tolerated. And this tolerance 
had correlation with the window design, the room’s position and the house’s position. The building and planning 
design of the temporary settlement with high building density should pay attention on the window design, the 
insulation of the gable and the relationship between the enclosing wall and the building on the edge of the settlement. 
 
Acknowledgements 
This work was supported by the National Science Foundation of China (project NO. 51408515). 
 
106   Luhong Huang and Enshen Long /  Procedia Engineering  121 ( 2015 )  101 – 106 
References 
[1] L. Huang, Improvement of the livability of post-disaster transitional settlement based on layout and prefab house innovation, Ph.D. Thesis, 
Scihuan University, Chengdu, China, 2011.(in Chinese)  
[2] West China City Daily. The last residents left the temporary house before Spring Festival in Dujiangyan[EB/OL]. (2010-12-01) [2011-12-10] 
http://roll.sohu.com/20101201/n300766215.shtml. 
[3] G. Fei, Z. Yu, Y. Kong, Energy-saving Design Practice Based on Climate Data Analysis, HUAZHONG ARCHETICTURE, 27 (2009) 67–70. 
 
